| PERIODONTAL ABSCE SS E S

| Clinical presentation
Different etiological factors may explain the occurrence of abscesses in the periodontal tissues, such as pulp necrosis (endodontic, periapical or dentoalveolar abscesses), periodontal infections (gingival or periodontal abscess 5 ), pericoronitis (pericoronal abscess), trauma, surgery, 6 or foreign body impaction. Together, they are referred to as odontogenic or dental abscesses, 7 and when they are associated with EPL, they could also be considered odontogenic abscesses. PA can specifically be defined as a localized accumulation of pus located within the gingival wall of the periodontal pocket, with an expressed periodontal breakdown occurring during a limited period of time, and with easily detectable clinical symptoms. 2 Three different reasons could support the importance of PA:
Common dental emergencies, requiring immediate management (see Appendix 3, Table A3 .1, in online journal)
a. PA represented approximately 7.7-14.0% of all dental emergencies, being ranked the third most prevalent infection demanding emergency treatment, after dentoalveolar abscesses and pericoronitis.
In an army dental clinic, 27.5% of periodontitis patients presented with PA, with clear differences between patients undergoing active periodontal treatment (13.5%) and untreated patients (59.7%).
8
Among patients undergoing periodontal maintenance (PeM), PAs were detected in 37% of the patients followed-up for 5-29 years.
9
In the Nebraska prospective longitudinal study, 27 PA were observed during 7 years, and 23 of them occurred in sites that received coronal scaling. 10 b. Rapid destruction of periodontal tissues, with a negative effect on the prognosis of the affected tooth (see Appendix 3, Table A3 .1, in on-
PAs may lead to tooth loss, especially if they affect teeth with previous moderate to severe attachment loss, as occur during PeM in patients with severe chronic periodontitis. Indeed, they F I G U R E 1 List of "acute periodontal conditions," according to different authors, and scope of the present review have been considered the main cause of tooth extraction during PeM. 9, [11] [12] [13] Similarly, teeth with repeated abscess formation were considered to have a "hopeless prognosis", 14 and 45% of teeth with a periodontal abscess found during PeM were extracted. 9 The main reason for tooth extraction of teeth with a questionable prognosis, which had been followed-up for 8.8 years, was the presence of periodontal abscess. Table A3 .2, in online journal).
| Etiology: pathophysiology, microbiology and histological features
| Pathophysiology
The first step in the development of a PA is bacterial invasion of the soft tissues surrounding the periodontal pocket, which will develop into an inflammatory process through the chemotactic factors released by bacteria that attract polymorphonuclear leukocytes (PMN) and other cells. This will trigger intensive release of cytokines; lead to destruction of the connective tissues; encapsulation of the bacterial infection and the production of pus. Once the abscess is formed, the rate of destruction within the abscess will depend on the growth of bacteria inside the foci; their virulence, and the local pH (an acidic environment will favor the activity of lysosomal enzymes). 
| Microbiology
In general, microbiological reports on PA have shown a microbial composition similar to that observed in periodontitis (see Appendix 3, Table A3 .3, in online journal). The most prevalent bacterial species identified in PA, by means of different techniques (see Table A3 .5, in online journal). Up to now, there has been limited evidence available on the role of viruses, the genetic characteristics of different strains (e.g. P. gingivalis), or the antimicrobial susceptibility of strains isolated from these lesions (see Appendix 3, Table A3 .6, in online journal).
| Histopathology
The histopathology of periodontal abscess lesions was reported as follows, 15 after observing the lesion from the outside to the inside: a normal oral epithelium and lamina propria; an acute inflammatory infiltrate; intense focus of inflammation, with presence of neutrophils and lymphocytes in an area of destroyed and necrotic connective tissue; and a destroyed and ulcerated pocket epithelium.
| Etiology: risk factors
PA may develop in a pre-existing periodontal pocket (e.g., in patients with periodontitis) or in the absence of a pre-existing periodontal pocket.
| Periodontal abscess in periodontitis patients
In periodontitis patients, a PA could represent a period of disease exacerbation, favored by the existence of tortuous pockets, presence of furcation involvement 16 or a vertical defect, 16, 17 in which the marginal closure of the pocket could lead to an extension of the infection into the surrounding periodontal tissues. 15, 18, 19 In addition, changes in the composition of the subgingival microbiota, with an increase in bacterial virulence, or a decrease in the host defense, could also result in an inefficient capacity to drain the increased suppuration. Different subgroups could be distinguished (see Appendix 3, Table A3 .7, in online journal):
• Acute exacerbation:
○ In untreated periodontitis.
20
○ In "refractory" periodontitis.
21
○ In PeM, as previously described.
• After different treatments:
○ Scaling and root planing or professional prophylaxis: dislodged calculus fragments could be pushed into the tissues, 20 or inadequate scaling could allow calculus to remain in deep pocket areas, whereas the coronal part would occlude the normal drainage.
10
○ Surgical periodontal therapy: associated with the presence of foreign bodies such as membranes for regeneration or sutures.
22
○ Systemic antimicrobial intake, without subgingival debridement, in patients with severe periodontitis could also cause abscess formation, [23] [24] [25] probably related to an overgrowth of opportunistic bacteria.
23
○ Use of other drugs: e.g., nifedipine. 
| Periodontal abscess in nonperiodontitis patients
PA can also occur in previously healthy sites, because of (see Tables A3.8 and A3.9, in on line journal):
• Impaction of foreign bodies: dental floss, orthodontic elastic, toothpick, rubber dam, or popcorn hulls.
• Harmful habits (biting wire, nail biting, clenching) could favor abscess formation because of subgingival impaction of foreign bodies or to coronal closure of the pocket.
• Orthodontic factors, such as inadequate orthodontic forces or a cross-bite, have been reported to favor PA development.
• Gingival enlargement. 27 • Alterations of the root surface, including:
○ Severe anatomic alterations, such as invaginated tooth, dens evaginatus (grooves) or odontodysplasia.
○ Minor anatomic alterations, such as cemental tears, enamel pearls or developmental grooves.
○ Iatrogenic conditions, such as perforations.
○ Severe root damage: vertical root fracture or cracked tooth syndrome extending through the root.
○ External root resorption.
| Assessment and diagnosis
Data from studies with a relevant number of cases and a comprehensive description were analyzed (Tables 1A and 1B) .
13,28-31
A series of symptoms have been reported by patients suffering from a PA, such as pain, tenderness of the gingiva, swelling, or tooth "elevation." The most prominent sign during the oral examination was the presence of an ovoid elevation in the gingiva along the lateral part of the root. Suppuration on probing or sampling was a common finding (66-93%), whereas a fistula was not. A PA was usually associated with a deep periodontal pocket (7.3-9.3 mm), bleeding on probing (100%), and increased tooth mobility (56.4-100%). Bone loss was normally observed in the radiographic examination. Extraoral findings were uncommon, but could include facial swelling (3.6%), elevated body temperature, malaise, regional lymphadenopathy (7-40%) or increased blood leukocytes (31.6%). Most abscesses affected periodontitis patients (96.3-100%), either untreated (7.14-81.6%), in PeM (11.6-60%) or those undergoing active therapy (6.6-42.9%). Some studies found molars more frequently affected, 13,30 whereas others found equal distribution, 28 or predominance in anterior teeth. 31 One study reported a higher number of abscesses at the interproximal level,
13
whereas others observed more frequent abscess formation at buccal sites.
28,30
Patient history may also provide relevant information, especially in cases of abscesses associated with previous treatments (scaling and root planing, periodontal surgery, intake of systemic antimicrobials agents, or other drugs [e.g., nifedipine] and endodontic treatment), or in abscesses related to foreign body impaction.
Differential diagnosis (see Appendix 3, Table A3 .10, in online journal) is critical, because PA may be like other oral conditions:
• Other odontogenic abscesses (dento-alveolar abscesses, pericoronitis, endo-periodontal abscess), or other acute conditions (lateral periapical cyst and postoperative infection).
32
• Tumor lesions, including metastatic tumoral lesions, odontogenic myxoma, non-Hodgkin´s lymphoma, squamous cell carcinoma, metastatic carcinoma.
• Other oral lesions: pyogenic granuloma, osteomyelitis, odontogenic keratocyst, eosinophilic granuloma.
• Self-inflicted gingival injuries.
• Sickle cell anemia.
• Abscesses after surgical procedures.
| Proposed changes to the current 1999 classification
The 1999 classification for abscesses in the periodontium included gingival, periodontal, pericoronal, and periapical abscesses. 5 Relevant problems associated with this classification system included: (1) the differentiation between gingival and PA, which could be confusing, because this differentiation was simultaneously based on location and etiology; (2) considering a PA as chronic or acute may not be adequate, because an abscess, by definition, is an acute lesion; and (3) the inclusion of pericoronitis and periapical abscesses in the classification together with PA might not be appropriate. Pericoronal abscesses were included in the 1999 classification, but no solid scientific basis for this was found in the article associated with the topic. 5 In addition, the terms "pericoronal abscess" or "pericoronitis abscess" were seldom used in the scientific literature; in the present literature search, none of the articles retrieved described a pericoronal abscess as a PA.
PAs should be classified based on their etiology (see section 3.3 and Table 2 ).
| NECROTIZING PERI ODONTAL DISE A SE S
| Clinical presentation
In the 1999 classification, necrotizing ulcerative gingivitis (NUG) and necrotizing ulcerative periodontitis (NUP) were included among NDPs. 33 Studies have suggested that they may represent different stages of the same disease, because they have similar etiology, clinical characteristics, and treatment, and may even progress to more severe forms such as necrotizing stomatitis (NS) and noma. 34, 35 The terminology "ulcerative" was later eliminated, because ulceration was considered to be secondary to the necrosis.
36
NPD patients are frequently susceptible to future recurrence of disease 37, 38 and NPD could also become a "chronic condition," with a slower rate of destruction. 39 In cases of severe systemic involvement, progression of NPD into other oral lesions could occur. 40, 41 Prevalence/incidence of NG has been reported for the overall population or for specific groups of individuals (for references, see 42 Earlier studies, using electron microscopy, suggested tissue invasion by spirochetes. 43, 44 Culture studies identified P. intermedia, and Treponema, Selenomonas and Fusobacterium species, which were considered "constant flora" in NPD lesions. 45 The role of spirochetes was confirmed by immuno assays 46, 47 and PCR targeting 16s rRNA. 48 Recent studies by phylogenetic analysis also 
c. Predisposing factors
The most relevant predisposing factors for NPD were shown to be those altering the host immune response and usually more than one factor was necessary to cause onset of the disease. 
| Human immunodeficiency virus infection and acquired immune deficiency syndrome (HIV/AIDS)
NPD in HIV patients may be more frequent and show faster progression, with a higher risk of evolving into more severe lesions (NP and NS), and a higher tendency for disease recurrence and poor response to therapy (see Appendix 4, Tables A4.3, in online journal). Table A4 .6, in online journal).
| Other systemic conditions
| Malnutrition
Malnutrition (see Appendix 4, Tables A4.5, in online journal) could also be an important predisposing factor for NPD, 50 especially in developing countries. [51] [52] [53] A marked reduction in key antioxidant 
| Tobacco and alcohol consumption
Most adult patients with NPD are smokers. 
| Young age and ethnicity
| Seasonal variations
Different studies (see Appendix 4, Table A4 .5e in online journal)
have evaluated the hypothesis of the effect of seasonal variations on the prevalence of NPD: in central Africa, NPD peaked in the rainy season; less clear patterns were observed in military personnel, students or general populations, although winter months were normally peak periods, except in South Africa. 
| Other factors
| Assessment and diagnosis
Diagnosis of NPD should be primarily based on clinical findings.
35,78
Microbiological or biopsy assessment may be recommended in cases of atypical presentations or nonresponding cases. 
The most relevant clinical findings in NG (
halitosis (84-97%). Extraoral signs included adenopathy (44-61%) or
fever (20-39%). In children, 52 pain and halitosis were less frequent, whereas fever, adenopathy, and sialorrhea were more frequent.
For NP, 79 in addition to the previous signs and symptoms, periodontal attachment and bone destruction were observed, together with more frequent extraoral signs. In severely immune-compromised patients, bone sequestrum could occur. 80 NP could be the result of one or various episodes of NG (less frequent pocket formation), or of NG occurring at a site previously affected by periodontitis (periodontal pocketing would be found).
34,81
In NS, bone denudation extended through the alveolar mucosa, with larger areas of osteitis and bone sequestrum, in severely compromised systemic patients (HIV/AIDS patients, severe malnutrition). Atypical cases have also been reported, in which NS developed without the appearance of previous NPD lesions.
82-85
Clinical criteria for identifying NG, NP, NS and Noma, according to the studies included in the present review, are summarized in Appendix 4, Tables A4.7,8,9, in online journal.
| Differential diagnosis
It is mandatory to establish a differential diagnosis with vesicular-bul- 
| Proposed changes to the current 1999 classification
In the present 1999 classification, the consensus report established "that necrotizing ulcerative gingivitis and necrotizing ulcerative periodontitis should be collectively referred to as Necrotizing Periodontal
Diseases." The group agreed that both diseases were associated with a diminished systemic resistance to bacterial infection. This rather simplistic approach did not consider the huge differences in prevalence, risk of progression, and extent and severity of NPD among patients with different predisposing conditions. NPD in HIV/AIDS patients or in malnourished children in developing countries may represent a severe and even life-threating condition (in the latter case). Conversely, NPD in smokers and stress adult patients in developed countries represented a relevant but normally non-threatening condition. Therefore, patients continuously exposed to a severe systemic compromise (see previous examples) have a higher risk of suffering from NPD and of faster and more severe progression (from NG to NP, and even to NS and Noma). Conversely, in patients with a systemic compromise of limited duration (e.g. stressful situation in students or militaries), NG may not progress, although the lesions would be different if they affected a gingivitis or a periodontitis patient. A proposal for a new classification system is presented in Table 4 .
| ENDO -PERIODONTAL LE S IONS
| Clinical presentation
EPL are clinical conditions involving both the pulp and periodontal tissues and may occur in acute or chronic forms. When they are associated with a recent traumatic or iatrogenic event (e.g. root fracture or perforation), the most common manifestation is an abscess accompanied by pain. However, EPL, in subjects with periodontitis, normally present slow and chronic progression without evident symptoms.
The most common signs and symptoms associated with a tooth affected by an EPL are deep periodontal pockets reaching or close to the apex and negative or altered response to pulp vitality tests. The other signs and symptoms reported, in order of prevalence, are: bone resorption in the apical or furcation region, spontaneous pain or pain on palpation and percussion, purulent exudate, tooth mobility, sinus tract, crown, and gingival color alterations (Table 5 ).
| Etiology and risk factors
| Primary etiology
An established EPL is always associated with varying degrees of microbial contamination of the dental pulp and the supporting periodontal tissues. Nonetheless, the primary etiology of these lesions might be associated with (1) endodontic and/or periodontal infections or (2) trauma and/or iatrogenic factors. Endo-periodontal lesions associated with endodontic and periodontal infections
TA B L E 4 Proposal of classification for necrotizing periodontal diseases (NPD)
They might be triggered: (1) by a carious lesion that affects the pulp and, secondarily, affects the periodontium; (2) by periodontal destruction that secondarily affects the root canal; (3) or by both events concomitantly. The latter type occurs less frequently and is usually referred to as a "true-combined" or "combined" lesion. 89, 90 These lesions may develop in subjects with periodontal health [91] [92] [93] or disease 94, 95 ( Table 6 ). The periodontal condition has an important impact in the prognosis of the EPL because of the striking changes in the oral ecology of subjects with periodontal diseases. Converting this ecology back into a healthy state is challenging, 96, 97 especially in patients with severe periodontitis and in teeth with deep pockets, as in the case of EPL. Therefore, a detailed periodontal examination is a very important step for the accurate diagnosis and treatment plan of EPL.
Endo-periodontal lesions associated with trauma and iatrogenic factors
These conditions usually have a poor prognosis as they affect the tooth structure. The most common lesions in this category were: (1) root/pulp chamber/furcation perforation (e.g. because of root canal instrumentation or to tooth preparation for post-retained restorations) 98 ; (2) root fracture or cracking (e.g., because of trauma or tooth preparation for post-retained restorations) 98 ; (iii) external root resorption (e.g., because of trauma) 99 ; or (iv) pulp necrosis (e.g., because of trauma) draining through the periodontium 100 (see Appendix 5, Table A5 .1, in online journal).
| Microbiology
Only a few studies to date have evaluated the microbiota of EPL using culture, Incidentally, most of these species and genera have recently also been associated with chronic or aggressive periodontitis. 110, 111 Taken together, the above-mentioned data suggest that there are no major differences between the microorganisms found in the endodontic and periodontal lesions, or a specific microbial profile associated with the EPL. This was somehow expected, as both sites of infection (root canal and periodontal pockets) are anaerobic environments exposed to similar nutrients.
| Risk factors
The main risk factors for the occurrence of EPL were advanced periodontitis, trauma, and iatrogenic events. Other reported risk factors were the presence of grooves, furcation involvement, porcelain-fusedto-metal crowns and active carious lesions (see Appendix 5, Table   A5 .1, in online journal). Furcation involvement, high level of bone destruction around the affected tooth, and anatomic problems (e.g. the presence of grooves), could worsen the prognosis of EPL. Most of the single EPL in non-periodontitis patients reported in the literature were associated with palatal grooves.
| Pathophysiology and histological features
The dental pulp and the periodontium have different communication pathways, such as the apical radicular foramina, accessory (or lateral) canals, and dentinal tubules. 112 Accessory canals are more prevalent at the apical third of the roots, but they may be found in high numbers in other areas, such as in the furcation regions.
112,113
Pathological communication between these structures, which includes the migration of microorganisms and inflammatory mediators between the root canal and the periodontium, may lead to the EPL.
89,112-116
| Assessment and diagnosis
The classification system most commonly used for the diagnosis of EPL . This seemed to be a suitable approach, as lesions of periodontal origin might have a worse prognosis than those of endodontic origin. Nonetheless, using "history of the disease" as the main criteria for diagnosis was not practical, because in the majority of cases the complete history is unavailable to the clinician. In addition, determining the primary source of infection is not relevant for the treatment of EPL, as both the root canal and the periodontal tissues would require treatment. 118, 119 Thus, ideally, the diagnosis and classification of EPL should be based on the present disease status and on the prognosis of the tooth involved, which would determine the first step of the treatment planning that would be whether to maintain or extract the tooth.
The three main prognostic groups for a tooth with an EPL are:
(1) hopeless, (2) The presence of a periodontal pocket reaching or close to the apex combined with absence of pulp vitality would indicate the presence of an EPL.
| Proposed changes to the current 1999 classification
For the first time, the 1999 classification system for Periodontal (Table 6 ).
OBS ERVATI ON S AND D ISCUSS I ON
The present literature review focused on three conditions that have in common a possible acute onset and severe destruction. A comprehensive analysis of the available scientific literature (336 studies were included) allowed for a description of the importance, etiology, pathogenesis and diagnosis, together with the proposal of new classifications.
Quality of the available evidence
In general, the evidence to define the etiology, diagnosis, prognosis and treatment of the teeth affected by the three conditions studied was considered limited. Most of the included studies were case reports with small sample sizes. Very few clinical studies with a reasonable number of cases were found, and no robust epidemiological studies were identified (see Appendix 1 in online journal). To enable solid evidence on these lesions to be made available, additional studies with adequate designs and sample sizes are needed, specifically on the topics with less information available (e.g. PA in non-periodontitis patients, and EPL).
Pending topics for the proposed classification
The topic of whether the lesions associated with root alterations and damage (e.g. fracture, perforation, root resorption), should be classified TA B L E 6 Proposal for endo-periodontal lesions classification in a different category, is debatable. However, because these lesions are EPL in nature (i.e., invariably affect both the periodontium and the pulp-root canal complex, irrespective of being associated with abscess formation, or not), we understand that they should be classified as such.
Thus, in the classification system suggested for EPL, these conditions are grouped as "EPL associated with trauma and iatrogenic factors."
Pericoronal abscesses have been excluded from the category of PA. 121 However, pericoronitis may still be considered an acute periodontal condition, but in a separate category.
"Periodontal" abscesses around implant sites have also been described. 122, 123 Considering that from a histological point of view the lesions may be similar, it is also debatable whether they should be given a different name should be given to these lesions (e.g. "periimplant" abscesses) and whether they should be classified together with the other abscesses in the periodontium.
In this manuscript, the term "risk factor" was used, however, in some cases, the available literature was insufficient to support the use of this term.
CON CLUS IONS
PAs can present different aetiologies, and they should be classi- 
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